Tibial aplasia-ectrodactyly (TAE) is a syndrome of severe defects of the extremities. Because of its rare occurrence, its inheritance pathway is not clearly understood. The most widely accepted theory is a dominant expression, possibly with reduced penetrance in skipped generations. The case study presented raises the possibility of a recessive mode of inheritance, thus reducing the predictability of its occurrence in a family pedigree. For the physician and sonographer, this illustrates the importance of an understanding of this anomaly and thorough prenatal sonographic evaluation even in unsuspecting families. While the expectation of its occurrence is remote, early diagnosis when it is present expands the management options for the physician and family.
Key words: tibial aplasia-ectrodactyly, dominant, recessive, reduced penetrance Tibial aplasia-ectrodactyly (TAE) is a rare syndrome consisting of severe defects of the extremities, including clefting of the hands or feet, with absence of 1 or more central digits as well as tibial aplasia. One or more hands or feet may be affected. Other major signs include defects of the tibiae, ulnae, and femora, to varying degrees, including bowing, shortening, and femoral bifurcation. 1 Sonographic findings in prenatal diagnosis can vary widely with the severity of expression, gestational age at the time the ultrasound examination is performed, and the experience of the sonographer performing the examination.
Understanding of the mode of inheritance of TAE enhances knowledge of the anomaly and facilitates clinical application including identification in early prenatal diagnosis, pregnancy management, postpartum treatment, and family genetic counseling.
Studies of family cases suggest an autosomal dominant inheritance pattern, with instances of skipped generation expression, possibly an indica-tion of reduced penetrance in such cases. 2 Reduced penetrance is the failure of a pedigree to demonstrate a trait when genetic testing or appropriate genetic pairing indicates expression of the trait should occur. This is the most widely accepted theory regarding the mode of inheritance of TAE. However, other reported case studies also indicate the possibility of an autosomal recessive type. 3 Therefore, the mode of inheritance may not be clearly understood.
We present this case of TAE in a previously unsuspecting family and the subtle prenatal findings demonstrated by ultrasound imaging. Such findings emphasize the importance of thorough prenatal sonographic evaluation in detection of anomalies not previously suspected.
Case Report
A woman in her early 20s (gravida 3, para 2) was referred for fetal sonology at 17 weeks gestation. The gestation had progressed uneventfully, and the referral was part of her routine prenatal care. Prior gestational history included her first gestation delivering prematurely due to premature rupture of membranes, with the infant expiring within 1 day. Her second child, from a different father, had no obvious defects. The father of this pregnancy had another child from another relationship, also with no obvious defects reported. The patient herself demonstrated no bony abnormalities to suggest the presence of TAE.
An initial exam was performed using the GE Logic 200 system, 3.5-MHz curved array transducer and Sony page printer imaging system. Measurements of biparietal diameter, head circumference, and abdominal circumference were consistent with a pregnancy of 17 weeks, 2 days. However, a femur length of 1.5 cm correlated with 14 weeks, 3 days ( Fig. 1) .
The patient was referred for amniocentesis and targeted sonology examinations. Karyotype derived from the amniocentesis was 46, XY. Serial scans were performed throughout the remainder of the pregnancy. The only reported abnormalities were all extremities short and at least 1 femur bent; femoral fracture could not be excluded. Possible prenatal diagnosis included lethal thanatophoric dwarfism and osteogenesis imperfecta.
The patient delivered a male infant by cesarean section at approximately 38 weeks gestation. Confirmed diagnosis of TAE was made postpartum. The infant demonstrated several abnormalities of the extremities. The left hand had only 4 digits, with the fourth and fifth digits joined by syndactyly and the third finger absent, forming a cleft between the second and fourth fingers. The second (index) finger was macrosomic. The thumb was proximally placed. This is a typical abnormality associated with ectrodactyly and in more familiar language, it is referred to as lobster-claw deformity. 4 The right hand was normal. Both feet lacked a second or third toe. Humeri and femora appeared to be short, with the femora more significantly hypoplastic. Prominence of the anterior tibiae suggested bowing. This was consistent with the fibulae longer than tibiae on radiographs. The hips were dislocated bilaterally.
The cognitive development of this infant is expected to be normal. He was referred for orthopedic follow-up for the hip dysplasia, possible development of pseudoarthrosis in the femurs, and a hand surgery specialist.
Discussion
TAE is a rare condition with a wide degree of variance with regard to its phenotypical expres- sion. Hypoplasia as well as aplasia of the tibiae are among the abnormalities found to occur with this anomaly. Also included are defects of the ulnae, femora, aplasia of the patellae, and femoral bifurcation. Expression with respect to ectrodactyly is associated with a heterogeneous group of hand and foot malformations. These include hypoplasia of the halluces, partial to complete absence of a digit, clefting of the hand or foot, syndactyly (fusion of 2 or more of the remaining digits), and monodactyly. 5 As of 1990, Sener et al. 6 reported cumulative studies totaling 45 families with approximately 170 (familial) cases. This limited number of cases clearly inhibits determining the certainty of the inheritance pathway of this group of anomalies.
The mode of inheritance in the case presented here is not clearly understood. Neither parent presented with physical defects to suggest an obvious dominant inheritance pattern. Both parents produced offspring with other partners, and none of the resulting offspring demonstrated any form of the TAE anomaly. This initially would indicate an obvious autosomal recessive mode of transmission.
Autosomal recessive inheritance of TAE is suggested in cases reportedly involving femoral bifurcation, also known as the Gollop-Wolfgang complex. 7 This occurrence was identified in patients from highly inbred pedigrees in Brazil 8 and among the Old Order Amish in the United States. 9 In a study conducted by Majewski et al., 2 males and females are equally affected, negating the expectation of an X or Y chromosomal link. This study goes on to report that there is not enough clinical evidence to support genetic heterogeneity. In this examination of cases of possible autosomal recessive inheritance reported by other authors, all the affected patients belong to the same sibship, and parental consanguinity was noted in only 1 family. Thus, skipped-generation occurrence or nonpenetrance are as reasonable explanations as a recessive mode of inheritance. 2 A later study by Majewski et al. 10 reported that no single combination of features of the TAE anomaly occurs exclusively as variants that could be identified as recessive or dominant types.
The results of the study of a family by Genuardi et al. 11 postulates the gene(s) for isolated split hand/ split foot (SHSF) deformity and "syndromal" SHSF to be associated with a specific chromosome (7q22.1). However, since some families with SHSF deformities show no link to this locus, heterogeneity is a possible consideration.
In a case reported by Yelton, 12 a nonaffected man produced 3 affected children by 3 healthy, nonrelated wives. It is highly unlikely that all 3 partners would carry a gene for the anomaly, which is necessary for a recessive mode of transmission. This suggests a genetic mutation or reduced penetrance of a dominant gene.
Bronshtein and Gershoni-Baruch 4 reported demonstrating anomalies associated with ectrodactyly, ectodermal dysplasia, and cleft palate syndrome (EEC) by transvaginal ultrasound at 14 weeks gestation. Specifically, lobster-claw deformities of the hands and feet and facial clefting were noted. All measurements were in keeping with the predicted gestational age. 4 Our presented case demonstrates the detection of a suspicious finding, specifically short bowed femur even by transabdominal scanning methods at a 17-week gestational age, which later proved to be associated with TAE.
The significance of our case illustrates that early routine sonographic fetal evaluation and careful scrutiny of the data collected may reveal anomalies in unsuspecting families. Thorough knowledge of these anomalies and the possibility of their presence should be a consideration by the clinician and sonographer when irregularities in ultrasound findings are discovered, as the mode of inheritance of such anomalies is not clearly understood and the possibility cannot be excluded through examination of the family pedigree. Even in the clinical setting such as ours, when typically transabdominal sonography as opposed to transvaginal evaluation is employed in the late first trimester and early second trimester, subtle findings such as shortened long bones may raise suspicions for the presence of anomalies such as TAE. Early ultrasound diagnosis allows for more options to the families and clinicians with regard to management and disposition of the pregnancy, early planning for postpartum care of the offspring, and genetic counseling.
